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Proceedings of the Royal Society of Medicine 28 IV.-Chronic leucopeniac of undetermnined orligin: Failure of pentnucleotide and X-ray therapy to increase the wvhite blood cell count. Ethel L., aged 29, was admitted to Guy's Hospital in 1934 on account of rheumatoid arthritis of three year's duration. She had been treated by autohaemotherapy and iodine injections, and it was impossible to discover whether amidopyrine had been ingested. The blood-count on admission to hospital was: R.B.C. 4,500,000 per c.Dmn., hbmoglobin 90%, W.B.C. 1,770; polyniorphonuclears 3%, lymphocytes 66%, monocytes 31%; no immature white cells; platelets numerous. She was first treated by intramuscular injections of pentnucleotide, 10 c.c. daily from January 8 to 18 inclusive. On January 8, the patient developed a cold with slight redness of the throat and the temperature and pulse were raised from the 8th to the 16th, but there were no severe symptoms. Stimulating doses of X-rays to01
A TENMPERATURE I000, were administered to the long bones on January 30 and February 2, but none of these measures had any appreciable effect on the blood-count and the last total white blood-cell count was 2,800 per c.mm. A year afterwards it was learned that the patient had been apparently well after her return home and that she had later moved to another district and could not be traced.
V.-Agranulocytosis ajter taking Yeast-Vite,1 a proprietary remnedy at that time containing amidopyrine: Spontaneous recovery fromi acute attack: Failure of pentntucleotide to influence white cell count, but possible benefit froin pa(irenteral liver extract. Ella B., aged 26, lost her only child from scarlet fever in Julne 1934. She was very much depressed, and as a tonic took " two or three bottles " of Yeast-Vite, or about 60 gr. of amidopyrine, during the summer. In August she had two teeth extracted; one socket became septic and had to be repeatedly syringed before healing up. In October she had a right-sided quinsy which ruptured spontaneously, but after this her pharynx became ulcerated and a fortnight later she was admitted to a surgical ward of Guy's Hospital with a diagnosis of ulcerative pharyngitis. A blood-count showed leucopenia : R.B.C. 4,300,000 per cmrim., Hb. 65%, W.B.C. 2,900; neutrophils 42%, lymphocytes 58%; the polymorphonuclears were mostly of mature type. Pentnucleotide treatment was not begun until a week after the patient's admission to hospital and by this time the temperature was settling and she was improving spontaneously. Pentnucleotide was injected daily for a fortnight, 10 ml. on the I LNOTE.-Anmidopyrine is no longer a constituent of Yeast-Vite. 11% -29 Therapeutics and Pharmacology with Medicine 673 first day, 20 nil. on the next four days, and 10 mnl. on the next seven davs, with no effect on the white blood-count, though during this period the temperature settled, the throat cleared and the haemoglobin rose 10%. Pentnucleotide was therefore omllitted and 2 ml. of liver extract (campolon) were injected daily plus iron and ammoniumn citrate by mouth. After this treatment the white count improved and was 6,500 with 580o neutrophils on discharge.
In January 1935, a slight relapse had occurred though there were no symptoms-white Vf. Agranulocytosis in a ivoulrcan of' 51 qwho h7ad probably suffered Jfo)n p)yclitis for maIni11y yea is ani(l had occasionally taken smiall amiounts of ati(lopyrine in the formi of Yeast-7ite: Spontaneous recovery Jromt acute attack, but residtual persistent lettcopenia. No ilulue(liate reaction to small test, dloses of amtidop)yrine. Intolerance of pentnitcleotide. Slight response to massive dosagye of intralinuseular liver extract which disalppeared at once on ccasing injections. Ermline H., aged 51, was in her usual fair state of health until ten days before admiission to hospital, when she developed acute general malaise, anid woke up next day with a sore throat and a swollen neck. Her throat rapidly imlproved, but she remained obviously ill, witlh pyrexia and pains in the right loin and across the back. The history suggested that the patient had suffered from pyelitis on and off for many years, on account of which she had occasionally taken Yeast-Vite tablets, the last time being two months before admission when she took about 12 to 15 tablets during a period of about a week. On admission to hospital the temperature was 1030 F., and the right kidney was palpable and tender. The white blood-count was only 800 cells per c.mm. The result was so unsuspected that the count was repeated a few hours later, when a total count of 1,200, with only 80 polymnorphonuclears per c.mim., was obtained. The urine contained a nmoderate amount of albumin and many B. coli. At no time was there any aneemia, a blood-count on the day after admission showing 4,100,000 red cells, 84% hb¢moglobin and 580,000 platelets per c.mm., and a subsequent count nearly three weeks later showing 4,420,000 red cells per c.mm. and 92% hemoglobin. No specific treatment was given, and with rest in bed the temperature fell to normal in three days.
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The white count rose spontaneously to reach a niaximium of over 10,000 cells per c.11m1. with 65% of polyrnorplhonuclear cells, a week after admission; a few myelocytes appeared during this remission. The white count then fell, and three weeks after admission there were only The temperature remained normal and the patient had no symptoms-in fact she stated that she felt better; lymphocytes remained stationary; polymorphonuclears showed a drop of 600 and monocytes of 200, accounting for a total fall in the white count of 800. The patient was given six tablets of Yeast-Vite (approximately 5 grains of amidopyrine) on each of the following two days, but again there was no obvious effect on the white cells, the white count on May 14 being 3,300 per c.mm. with 43% of polymorphonuclear cells, and on AMay 15, 3,300 white cells per c.mm. with 36% of polyinorphonuclear cells.
Treatment was now begun with pentnucleotide: On May 16 one intramuscular injection of 10 ml. without effect; on May 17 two injections of 10 ml. followed by malaise, pyrexia, headache, shivering, photophobia, and pains in the limnbs; on AMay 18 one injection of 10 ml.
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Therapeutics and Pharmnacology with Medicine 675 followed by rigor; on MIay 19 one injection of 10 ml. followed by so severe a rigor that the treatment had to be discontinued. This intolerance of pentnucleotide was unfortunate, for with a total dosage of only 50 nml., the white cell count rose to 5,400 cells per c.mm. with 50% of polymorphonuclear cells. The pentnucleotide used for this patient and for the patient in Case VII was a batch supplied by the Medical Research Council. It was crystal-clear and had been used a few weeks previously in a case of splenic anemia without any effect, good or bad. The pentnucleotide reaction rapidly subsided, and a week later treatment was begun with intramnuscular injections of liver extract (pernseinion forte) 5 ml. daily. The white count fluctuated considerably, but the average was higher by about 1,000 leucocytes per c.mm., mainly polymorphonuclear cells, than at a later date when no treatment was given.
Considering the massive dosage of liver-a single dose of 5 ml. of pernwmon forte will maintain a patient with pernicious aniemia in good health for a month-the result was disappointing and the treatment was discontinued after 17 daily injections. A short course of mandelic acid was given for the pyelitis. On June 28 the white count was 2,800 per c. Cachet " and, if necessary, a second one later in the day. These cachets contain oxyquinotheiine 0 15 grm., amidopyrine 0-15 grm., phenacetin 0*25 grin., and magnesia 010 grin. Occasionally the chemists had given her cachets which they had made themselves. She had used Cachets
Faivre for three or four years and the last timle she took one was about ten days before her 676 Proceedings of the Royal Society oJ Medicine 32 admission to hospital for investigation. The only abnormnality discovered was extrelmle leucopenia, the blood-counit on May 18 being: red blood-cells 5,640,000 per c.mm., hbemoglobin 115%, white blood-cells 1,600, platelets 450,000, polymorphonuclears 320, lymphocytes 1,120, monocytes 144, basophils 16. The white-cell count was repeated and confirmed and treatment with pentnucleotide, 10 Ml. intramuscular]y, was begun on May 27, 1935. On Mlay 31 the patient complained of feeling ill; on June 1 her temperature rose to 1020 F. and she became collapsed, stuporose, and aphasic. Pentnucleotide was therefore omitted after M\ay 31 and by June 3 she was much better, though she was never her old self again. A curious physical signi was a bilateral extensor plantar reflex which persisted after the pentnucleotide reaction until her death. The total amiiount of pentnucleotide given was 50 ml., and there was no change in the blood-count. On June 6 treatment with liver extract (campolon) was begun, obtained and four injectionis each of 10 ml. were given during the next thirty-six hours. The first two caused no symptoms; after the third she collapsed and developed extensive urticaria; after the fourth she dev-eloped air hunger and died on the morning of June 14. J am indebted to Professor G. Hadfield for the following summary of the postmortem examination.
AaXked eye.-A thick adherent greenish exudate covered both tonsils, the pharynx, and the whole of the cesophagus. The bone-m.narrow of the femur was yellow throughout, but oi excision several small islands of red marrow froml 1 to 1' cm. in diameter were found in the upper third. The spleen showed slight enlargement to 10 oz. Mficroscopically.-There were lymphocytic infiltrations in the portal tracts of the liver, around the renal glomeruli and in the bone-marrow ( fig 5) . These infiltrations were not intense, but quite striking. In the kidney they were diffuse, in the marrow focal and circular and about 0 75 to 1 mm. in diameter. They were about this size in the liver. The bone-marrow I .
-showed rather more than its usual complement of megacaryocytes and erythropoiesis seems to be proceeding quite normally, but it was a matter of considerable difficulty to find any granular leucocytes or any well-differentiated granular myelocytes. On the other hand, there were simiall islands of 8 to 10 cells scattered throughout the marrow ( fig. 6 ), composed of cells resembling myelocytes but devoid of intracellular granules. They appeared to have more nuclear differentiation than nmyeloblasts. The spleen contained relatively little blood and its sinus walls were rather fibrous. There was a mild-to-moderate endothelial hyperplasia. In all organs where blood-filled vessels could be seen, the contained blood showed no granular leucocytes. No anatomical lesions were discovered to account for the nervous phenomnena. Of these seven patients with agranulocytosis, five had used amidopyrine and in the other two amidopyrine could not be excluded. The crucial experiment of observing the effect of amidopyrine was made in one patient only, but this woman at the time of the experimient had so few leucocytes that little further depression could have been expected and in fact none was observed. The evidence that amidopyrine was to blame in these particular patients is perhaps no more than post hoc, pr-opter-hoc, but the facts are more significant when they are ranged alongside other data about this disease. The evidence incriminating amidopyrine may he classified as circumstantial, experimental, and direct. The circumstantial evidence is that the majority of 'patients with agranulocytosis have taken amidopyrine and that the rise and fall of its incidence in a hospital or country run parallel to the introduction and abandonment of amidopyrine (Reznikoff, 1934; Plum, 1935) . In animals it has not been possible to produce the complete syndrome of agranulocytosis by amidopyrine alone. Its administration readily causes marked changes in the bone-marrow such as hyperplasia and increase of primitive cells, but there is no sigificant alteration in the formed elements of the circulating blood. There is, however, loss of the capacity to react to leucocvtic stimulantS such as nucleic acid (Klimenko, 1935) .
Direct proof of the culpability of amidopyrin has been obtained by observing the effect of a test dose on the white cell count of patients who have suffered from agranulocytosis (Brochner-Mortensen, 1935; Fitz-Hlugh, 1934; Madison and Squier, 1934; Meyer, 1935 Plum, 1935o; Sturgis and Isaacs, 1934 Adams, 1935) . The white cell count falls abr-uptly within a few hours and it may be several days before it returns to normal. At the same timne the patient may complain of general symptoms such as malaise, sore throat, and pyrexia. These effects are, of course, not seen in healthy people but only in those who have this unusual susceptibility to amidopyrine. All cases of agranulocytosis are not due to amidopyrine; some have followed the use of other drugs, such as dinitrophenol, and others have occurred in people who have not taken drugs of any kind. Nor can it be assumed that if a patient has taken amidopyrine, the agranulocytosis is necessarily the result of amidopyrine. A number of patients have continued to take amidopyrine throughout an attack of agranulocytosis and have recovered, and others have taken massive doses of amidopyrine without effect (Limarzi and Murphy, 1935) . Amidopyrine is a popular drug but agranulocytosis is rare, and it is doubtful if the disease can fairly be attributed to the drug in any given instance without the crucial experiment of observing the effects of a test dose when 'the blood has become normal. In spite of these reservations we must regard amidopyrine as the comimonest cause of agranulocytosis.
Apart from the lymphocytic foci in the liver and kidneys, which do not appear to have been noted previously, the morbid changes found in my fatal case are characteristic of agranulocytosis, the pathological anatomy of which has nowv been provisionally established (Fitz-Hugh and Krumbhaar, 1932; Jackson and Parker, 1935) . The cardinal feature of the disease is leucopenia, which is due essentially to decrease in the number of granular leucocytes. The red cells and platelets are unaffected, and cases with anemia or thrombocytopenia should not be included under the heading of agranulocytosis. Leucopenia is the primary phenomenon, and infection occurs secondarily and as a result of the diminished resistance. The bonemarrow is of normal cellularity and the erythropoietic tissue and the megacaryocytes are normal. The lesion is confined to the leucopoietic tissue. There are no mature polymorphonuclear cells or granular myelocytes, and practically every white cell present is a primitive white cell or myeloblast. In patients who have been acutely ill for a relatively prolonged period, the white cells of the myeloid series may completely disappear, their place being taken by lymphocytes and plasma cells.
Many hundreds of cases of agranulocytosis have now been reported and I have made no attempt to analyse the literature, more especially as treatment is adequately discussed in reviews by Adams (1935) and Jackson and Parker (1935) . Everyone is agreed on the importance of prohibiting the use of amidopyrine, and during the acute phase of the illness most of us would extend this prohibition to all synthetic drugs, except aspirin. It is obviously necessarv to give the general treatment for an acute systemic disturbance and the local treatment appropriate to the infection.
In chronic cases a high purin diet, attention to the general hygiene of life, and ultra-violet radiation would seem rational and, profiting by our experience in Addison's antemia and idiopathic hypochromic anamia, we should postpone operative interference with septic foci until the blood has been brought near to normal, even though there is much to suggest that such foci play a part in exhausting the leucopoietic tissues. It is my impression that the mortality ofuntreated agranulocytosis and the power of treatment to affect the leucopenia have both been exaggerated. Of my own four patients who passed through an acute attack, two recovered without special treatment, one recovered with treatment, and one died in spite of treatment.
Specific remedies which have a reputation are transfusion, liver extract, X-rays, arsphenamine, and pentnucleotide.
Transfusion.-There is a deplorable tendency to speak of the disease under discussion as agranulocytic anwemia and it is probably as a result of some such confusion of thought that transfusion has been advocated. I am not enthusiastic about the value of transfusion in sepsis in general or in agranulocytosis in particular. The effects of transfusion in acute infections and sepsis are disappointing (Colebrook, 1928; Polayes and Morrison, 1932) , and unless the patient is anfemic the danger of transfusion possibly outweighs the benefit. The total number of white cells transferred is small. A transfusion of 500 ml. of blood will be diluted ten times by the recipient, so that only about 700 leucocytes per c.mm., of doubtful viability, will be supplied. Knowledge of the actual changes in t,he white blood-count of the recipient is deficient, but we must expect protein shock reactions which may temporarily aggravate the leucopenia. Adams (1935) concludes that most observers regard blood-transfusion as being of little or no value in agranulocytosis and some even regard it as harmful.
Liverextract.-A similar confusion of thought is probably responsible for the advocacy of liver therapy. After the intramuscular injection of liver extract in a normal subject there is an increase in the total niumber of white blood-cells. Tthe leucocytosis begins in two hours and reaches a peak in about seven hours, the white cells returning to the initial level in about eighteen hours (Powers, 1935) . The rise is sharper and prompter with intravenous injections than with intramuscular injections and it can be obtained after removal of the spleen. A similar transient rise in the leucocytes lbas been reported after the injection of liver extract in a patient with chronic leucopenia (Meyer, Middleton, and Thewlis, 1934) . The rapid onset and the brief duration of this leucocytosis suggest a mobilization of preformed cells rather than stimulation of their production. It is a shock-like reaction and is obviously different from the gradual and persistent increase in white cells which follows the inception of liver treatment in the megalocytic anaemias. In a case of steatorrhcea with megalocytic anoemia, stomatitis, and extreme neutropenia, which was under my care, it was ten days from the commencement of parenteral liver therapy before the white cells had climbed to the normal level (Bowen-Davies, 1934) .
This second phenomenon is strictly comparable with the action of pentnucleotide in agranulocytosis. and is the result of a stimulus to the development of immature white cells in the bone marrow. Bone-marrow reactions are highly specific. Pentnucleotide does not influence the leucopenia of the megalocytic ancemias. Liver therapy stimulates the production of platelets in pernicious anaemia but is ineffective in essential thrombocytopenia (Witts, 1931) . We might therefore expect the leucopoietic action of liver to be strictly limited to the megalocytic antmias.
In some of the cases described in the literature as agranulocytosis responding to liver, the patients were actually suffering from pernicious aneimia (Case I, von Bonsdorff, 1935; Case I, Martin, 1934) . In passing we may note that Herndon's (1935) patient died of agranulocytosis at a time when her pernicious anDemia was being actively treated and effectively controlled by liver. Others were cases not of true agranulocytosis, but of toxic reactions following salvarsan (von Bonsdorff's second case; Martin's second case; the case of Radvary, 1935) . After making these deletions I have been able to find very few records of patients who have been treated with parenteral liver extract alone, but the summarized list below does not make me very hopeful about its value in agranulocytosis. NOTE--p, pentnucleotide alEo given; t, transfusion also given.
RESULTS
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Radiation therapy.--Jackson and Parker (1935) have analysed the results of treatment with stimulating doses of X-rays and have come to the conclusion that there is no convincing evidence of their value and that they may do actual harm.
Arsphenamine.-The collected figures suggest that the disease is not influenced by injection of arsphenamine (Adams, 1935) . I am more impressed by the depressant than by the stimulant properties of X-rays and arsenic.
Pentnucleotide.-Pentnucleotide is undoubtedly the most rational remedy for agranulocytosis as it is the only drug which stimulates the maturation of primitive white cells into granulocytes without any protein-shock reaction. In the hands of its originators it has been extremely successful, Jackson and Parker (1935) recording a recovery rate of 70 per cent. in over a hundred acute cases of agranulocytosis. It is disappointing that we have been unable to duplicate their results in this country. There are recorded in the British Medical Journal and the Lancet up to the end of June 1935, fourteen cases of acute agranulocytic angina treated with pentnucleotide and of these, in only five the patients recovered-a rate little better than the spontaneous course of the disease. In my series it was given in one acute case with benefit; and in three chronic cases with benefit in one and no. effect in two. In two others of my cases its use had to be abandoned because of the severity of reaction to the injection, and one of these patients, who had previously been in good condition, passed into a stuporose state and died. Her symptoms were comparable with the " meningitic symptoms with changes in the cerebrospinal fluid in a case of agranulocytosis of relapsing type" reported by Goadby, Worster-Drought, and Carnegie Dickson (1935) , though in my case, unfortunately, the cerebrospinal fluid was not examined. Goadby's patient recovered while having continuous treatment with pentnucleotide and on this account I do not feel justified in attributing all the nervous phenomena in my patient to pentnucleotide. It will be agreed by those who have experience of pentnucleotide that the reactions are not infrequently severe enough to prohibit further use of the drug. One reason that we have not been more fortunate in this country may be insufficient dosage, and in a severe case it seems desirable to inject 50 ml. a day. It is therefore to be hoped that some means will be found for abolishing the unpleasant side-actions of the drug, so that doses of this order can be given with safety.
Summary.
(1) Seven patients with agranulocytosis are reported, of whom five had taken amidopyrine. (2) The morbid anatomical changes in a fatal case are described.
(3) Treatment is discussed with special reference to the relative failure of pentnucleotide in this country.
I am greatly indebted to the Medical Research Council for a grant for technical assistance and for the supplies of pentnucleotide which have been obtained through their Therapeutic Trials Committee.
Sir William Willcox: The partial or complete disappearance of the granular white cells or polymorphonuclear leucocytes from the blood appears to he due to a defect of the bone-marrow, the myeloid tissue either being unable to produce polymorphonuclear cells (aplastic type) or, having produced them, to deliver them into the blood-stream. The bone-marrow is an extremely important tissue and it has been said that if it were all collected into one mass an organ the size of the liver would be produced. The average life of a polymorphonuclear cell has been shown to be about three days, so that the continued active functioning of the bonemarrow is essential for health and indeed for the continuance of life.
Agranulocytosis may be (1) primary or idiopathic, in which no definite cause of the defect of the function of the myeloid tissue can be detected; (2) secondary, in which some probable cause can be discovered.
It is likely that as our knowledge of the functions and susceptibilities of the bonemarrow increases, the primary group will diminish and disappear entirely, just as has been the case with acute yellow atrophy or necrosis of the liver which some years ago was regarded as a primary disease but is now known to be in practically all cases a degenerate condition secondary to some known cause. Other diseases might be mentioned to which the same remarks apply.
AETIOLOGY
Age and sex.-The disease is more common in females and the maximum age incidence in females is from 40 to 50 and in males from 60 to 70; no age, however, is exempt.
Agranulocytosis is closely allied to leucopenia and is indeed a variety of it, the granular leucocytes being specifically attacked. Nutritional factors may play a part more important than is at present recognized. The diet may be defective in quantity or deficient in some essential factors. Research on those lines would be most helpful and might explain the causation of the idiopathic group of cases. Toxic causes.-Bacterial infections: (1) Bacillary: The enteric group, typhoid paratyphoid A, and paratyphoid B are well known to be associated with a leucopenia and specific diminution of the granular leucocytes. It seems probable that those cases not infrequently seen in the past, when typhoid fever was much more prevalent and severe, and in which a membrane was found in the throat and respiratory tract, were associated with secondary agranulocytosis. Chronic tuberculosis is occasionally associated with agranulocytosis. Undulant fever is usually associated with leucopenia and diminution of the granular leucocytes. (2) Coccal infections: A fulminating streptococcal or staphylococcal septicremia may give rise to agranulocytosis. In cases of chronic dental sepsis I have on many occasions seen a marked leucopenia, with great diminution of the granular leucocytes. Pneumrrococcal infections (Menninger 1925) though usually associated with leucocytosis may rarely cause agranulocytosis.
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Protozoal diseases, such as kala-azar, malaria, amcebic dysentery, trypanosotniasis lave been described as causes.
Virus diseases and those of doubtful causation such as influenza, measles, munmps, dengue fever, typhus fever, sandfly fever, smallpox are often associated with a leucopenia of the granular leucocytes.
Blood diseases, such as aplastic antemia, pernicious anaemia, and aleukaemic lymphatic leuktemia, have been associated with agranulocytosis. Traumatic and anaphylactic shock, achylia, and hypochlorhydria, have also been associated with this condition. Physical causes-continued over-exposure to X-rays and radium and mesothorium emanations.
Chemical agents. The following chemical agents have been at times associated with agranulocvtosis Amidopyrine; the barbituric acid derivatives; benzol; di-nitro-phenol: di-nitrocresol; tri-nitro-toluene; arsphenamine compounds; mustard gas; inorganic and organic compounds of lead, mercury, arsenic, antimony, and bismuth silver and gold compounds; radium and mesothorium preparations swallowed by the mouth (epidemic in girls employed in a factory in America).
The drugs which have received the most attention during the past three or four years are the amidopyrine group of drugs and the barbiturates. It seems clear that in persons who have an abnormal sensitivity to these drugs a profound diminution, or even absence, of the granular leucocytes may result from their administration.
Dr. P. Plum of Copenhagen (Lancet, 1935 (i), 14) has published a number of cases in which agranulocytosis has been associated with the taking of amidopyrine.
Out of seven cases of which full details are given all had amidopyrine and six had in addition a barbituric-acid derivative. The doses of the drugs were large in five of these cases-over 100 gr. of amidopyrine being taken. The fact that amidopyrine was a causative factor was proved by the giving of a small dose to patients who had recovered a blood picture approaching normal after treatment. In these cases a relapse occurred with a marked diminution in the granular leucocytes. Dr. C. H. Watkins in the Proceedings Staff M1eeting, Mayo Clinic, 1933, 8, 713, has published several cases of agranulocytosis following the use of amidopyrine and barbituric-acid (lerivatives. In this country a number of cases have been published of agranulocytosis following the administration of amidopyrine and allonal (a allyl isopropyl barbituric acid), but a considerable number of cases of typical agranulocytosis have also been published in which no possibly incriminating drugs had been given. A careful consideration of all the vetiological factors concerned is necessary before the primary causative factor can be attributed to a particular drug.
It has been suggested that the benzamine nucleus in amidopy rine is the causative factor in producing agranulocytosis. This cannot be true for all cases because the barbiturates contain no benzamine nucleus, and further, such a nucleus is absent in the inorganic poisons mentioned as being associated with agranulocytosis.
In conclusion I will quote two cases which have come to my personal notice. On post-mortemn examination all the evidences of acute staphylococcal septicemia were found. There were no polymiiorphonuclear cells in the blood in the organs. The bone-marrow showed no normal myeloid tissue. Occasionally during the past year two tablets each containing half a grain of amidopyrine had been taken for headache. It seemiis clear that in this case drugs played no causative part.
Dr. E. C. Warner: Agranulocytosis signifies an absence of granulocytes (polymorphonuclears, eosinophils, and basophils) from the circulating blood. For the purpose of this discussion, the essential stages in the production of these cells may be represented as follows: Reticulo-endothelial cells-primitive free cellsmyeloblasts-myelocytes-granulocytes (polymorphonuclears, eosinophils,basophils).
There are three possible types of failure in this process:
(1) The non-production of myeloblasts-myeloblastic aplasia.
(2) Plentiful production of myeloblasts which fail to be transformed into myelocytes-myeloblastic normoplasia or hyperplasia, with maturation arrest.
(3) Normal production of myeloblasts and myelocytes, which fail to be transformed into granulocytes-myeloblastic and myelocytic normoplasia or hyperplasia, with chemotactic arrest. Failure of any of these processes will result in agranulocytosis, and it is probable that (1) is invariably fatal, that (2) is often fatal, and that (3) is responsible for the condition in most of the cases that recover. The earlier cases studied were cases of failure in processes 1 and 2, as they so often came to autopsy, and only recentlyhas the third possibility been recognized. Fitz-Hugh andComroe1 have recently described two cases in which myeloblasts and myelocytes were present in considerable numbers in the bone-marrow, but in wlhich no granulocytes could be found. Still further evidence in support of this is furnished by the chemotactic effect of inoculating inactivated typhoid bacilli or nucleic acid derivatives, as in either case the bone-marrow becomes depleted of granulocytes and myelocytes, leavingpromyelocytes and myeloblasts. The only way of proving during life which of these conditions is responsible for agranulocytosis is to obtain a specimen of living bone-marrow by sternal biopsy. In the acute cases it is probable that processes I and 2 are often present, but in chronic cases process 3 is probably more often the cause.
In addition to the acute cases such as those usually recorded, and exemplified by Professor Witts to-day, we are now recognizing subacute, chronic, and relapsing cases, and it is to these that I propose to confine myself. In many of them the Amer. Journ. Med. Sci., 1933, 185, 552. 684 Proceedings of the Royal Society of Medicine 40 absence of drugs as a causative factor has been proved, particularly in the relapsing cases, in which attacks may recur with regularity. We may learn a great deal as to the nature of the disease from these cases. Thus there is the remarkable case recorded by Rutledge, Hansen-Priiss, and Thayer,2 of a man, aged 20, who had a history of recurring attacks since the age of 10 weeks, and who developed an acute attack each few weeks. Between attacks the blood-count was entirely normal, the first indication of an attack being listlessness and ready fatigue, with a sudden drop in the number of granulocytes. Evidently the agranulocytosis in this case was primary, and the infection secondary. An unusual feature was the large number of eosinophils and basophils present during each attack, suggesting that the chemotactic factor for the polymorphonuclears was the only one at fault. Symptoms. The symptoms in these subacute and chronic cases are remarkably constant. There is often a long history of mental and physical over-exertion or fatigue, succeeded by a period of extreme weakness, with exhaustion after slight effort. Some degree of secondary anaemia is much more common thlan in the acute cases. Neuritic and fibrositic pains tend to develop, and the patient loses weight to the extent of a stone or more. With this poor general condition, symptoms of functional nerve disease are found hysteria, extreme depression, fits of weeping, &c. If the blood is examined at this time, lack of granulocytes is marked, and soon infection arises, particularly in the alimentary tract in regions where bacteria are most numerous. Hence inflammation arises in the mouth, occasionally in the cesophagus or intestine or around the anus. Inflammation may also be seen in the vagina and uterus. There is lack of a local barrier and of pus formation, and septicaemia with one of many types of micro-organisms may occur. With or without appropriate treatment, recovery or death ensues in ten to fourteen days. Apart from the local inflammatory conditions in the mouth, by far the most characteristic of the prodromal svmptoms are complete mental and physical exhaustion, with drowsiness, a symptom-complex that seems to be particularly related to the number of circulating polymorphonuclears. It is often found in cases of leukaemia, and in this connexion Roberts and Kracke 3 (who analysed the symptomatology of a large number of different conditions where leucopenia between 1,000 and 4,000 was present) found weakness, exhaustion and fatigue twice as often in neutropenic patients as in those with a normal blood-count. In these subacute and chronic cases, any relapse may prove fatal, but the -rognosis is infinitely better than in the acute and fulminating cases.
With such a clear sequence of events a patient who has had one attack will often be able to foretell future relapses.
Treatment.-The main lines of treatment may be summarized thus: (i) Rest in bed is essential in order to diminish the exhaustion; visitors should be few, and great care must be taken to avoid introducing anyone with an infectious condition, however slight.
(ii) Scrupulous care of the mouth is also essential. When this is practised, attacks of agranulocytosis have been recorded in which there were typical symptoms and blood-counts, but no local lesions or pyrexia. During the acute phase, Hamburger has advised spraying the mouth and throat after each meal with a saturated solution of potassium chlorate, and swabbing ulcerated areas with 2% copper sulphate solution.
(iii) Operative interference of any kind (such as dental extractions, tonsillectomy, or the incision of inflammatory areas) must on no account be performed during the stage of agranulocytosis, and must be delayed until a protective barrier of polymorphonuclear leucocytes is available, as judged by repeated blood examinations. 2 Bull. Johns Hopkins' Bosp., 1922, 33, 222. (iv) In the acute stage, pentose nucleotide or fractional doses of deep X-ray therapy should be used, as for acute cases.
(v) Diet may be of iinportance. Lossen found that in children who are debilitated and underfed, the total number of cells in the bone-marrow is much reduced, and Doan has produced extensive hypoplasia of the bone-marrow by underfeeding pigeons. Minot has suggested that vitamin B is of help in restoring the marrow to normal, and has advised a diet containing ample quantities of asparagus, raw cabbage and raw tomatoes, kidney, wheat germ, egg-yolk and fresh fruit juices. Possibly ascorbic acid may prove still more useful. Beck4 has reported one case which he treated successfully solely by dietetic measures along these lines.
Such treatment is applicable with special benefit to cases in which the terminal chemotaxis is chiefly at fault (Type 3), and it is probable that pentose nucleotide is of especial help in these cases. So far little is known of the maturation factors necessary for the earlier stages of myeloblastic and myelocytic formlation, but some day we hope to have some chemical agent as useful for stimulating this as is liver therapy in pernicious aneemia.
A case of subacute relapsing agranutlocytosis.
Mrs. J. W., aged 31. No abnormality in family history. Nine years ago she had had scarlet fever and albuminuria, but without cedema. She was very weak anid languid afterwards and was treated by a tuberculosis specialist who ordered a long holiday, but at no time were definite signs present. Her mother thought there was a resemblance between the symptoms then present and those of the present illness. Her tonsils had been removed five years previously (buit without benefit) on account of psoriasis, which is still present. Present illness.-Following a long period of worry with her senmi-invalid child there had been a variety of symptoms for four to six months: Low backache especially after standing or walking, and sufficiently severe to keep her awake; a tendency to intestinal colic, and occasionally vomiting with diarrhoea; poor appetite and inability to take rich foods; fatigue which became very marked at the end of the day; headache and occasional migraine with diplopia, recent nervousness, fits of depression and crying, or hysterical outbursts, and the loss of 1 stone in weight.
On examination.-She was evidently in an overwrought condition but, apart froln a postural scoliosis and some tenderness of the lumbosacral spine, no signs were present. To ensure rest and to try to restore her appetite and weight, she was admitted to hospital. The only drugs she was given before admission were aspirin and three doses of veronal. Between February 18 and March 4, to ensure sleep and to relieve headache eleven doses of two tablets of allonal (an amidopyrine derivative) and eight doses of aspirin, phenacetin, and caffeine were given. On March 3 she developed a temperature of 1000 without obvious cause, and on the following day her general depression, lethargy, and backache were most marked. The only physical signs were considerable pain and some local swelling around two diseased teeth; the gurus were red and tender and rather swollen, but no debris or pus could be expressed.
Recognizing an unusual type of inflammatory reaction, a complete blood-couint was carried out by Dr. William Smith (Table I) : Treatiment with pentnucleotide and canmpolon was instituted forthwith, and all other drugs were forbidden. The treatment had to be continued for nine weeks, as relapses of mild degree occurred on the seventh day and at the end of the seventh week. During the subsequent course of the case the most striking feature was the parallel between the white blood cell count and the mental and physical condition of the patient; with a low count she was depressed, readily cried, and complained of extreme weakness, whereas with a higher count she was bright and cheerful, although her energies declined at the end of the day. This was so striking that Dr. William Smith was able to forecast froin the patient's reactions when he took the blood the kind of result that he would obtain. She lost another 22' stone in weight, but slowly recovered over a period of several weeks, and was discharged home at the end of three months. She has remained well since. She has regained all her lost weight, and her blood examinations have shown normal results up to the present time.
The unusual features in this case were (i) the rapid rise in the polymorphonuclear count: within eighteen hours of giving treatment polymorphonuclears had reappeared in the blood and by the fourth day the count was normal. (ii) Two mild relapses occurred, the second five days after a mild attack of streptococcal pharyngitis and a temperature up to 99.80 F. It may be questioned whether the rise in the blood-count was really the result of treatment, or whether it was independent of this, especially as it is unusual for a response to be obtained before the fourth day. A strong point in favour of this is the high value obtained when the dose was doubled; but still more surprising is the immediate response to pentnucleotide therapy shown in Table II -a rise which far exceeded the daily variations met on the following two days when no nucleotide was given.
I would regard this case as one of Type 3 of the original classification, in which the symptoms strongly suggest that the agranulocytosis was present, or was incipient before the allonal was given; this drug may have been an aggravating factor by virtue of its amidopyrine content. Dr. J. D. Rolleston said that he had been much interested in this condition since it was first described by Schultz in 1922, owing to the possibility of agranulocytic angina being mistaken for diphtheria. He had little doubt that some of the cases of gangrenous angina (of which, however, he had only seen about six in over thirty years' experience in different London fever hospitals) were really examples of agranulocytic angina. In a paper on gangrenous angina,1 published in 1912, he had emphasized the rarity of the condition, and stated that little or no attention had been paid to the condition since Morell Mackenzie's description of it in his textbook in 1882, though more attention had been given to it on the Continent, especially by French and Italian writers. Before the establishment of diphtheria as a specific disease, by Bretonneau in 1826, the frequency of gangrenous angina had been considerablv overestimated, a large proportion of the cases so described being either examples of malignant diphtheria or severe forms of scarlet fever. The influence of Bretonneau's teaching had been so great that for some time the existence of gangrenous angina was denied, but Trousseau and Gubler reinstated it as an independent disease. Agranulocytosis was first supposed to be confined to middleaged women, but of recent years many cases had been recorded in children. The possibility of agranulocytosis should be a deterrent against the use of amidopyrin, which had been strongly recommended by some writers as a routine drug in the treatment of measles. In none of his (Dr. Rolleston's) cases, some of which had been in children, had there been any history of drug-taking.
Sir Kenneth Goadby said that agranulocytosis was probably due to a specific factor, which might be one of many things. He recalled that peinicious anumia was formerly attributed to oral sepsis. Leucopenia should be regarded in much the same light as a temperature chart, as the phenomenon was common to a very large number of diseases, but it had its special characteristics, as in agranulocytosis. He had recently published an account of a case in which there had been six very severe attacks, each one preceded by languor and drowsiness associated with leucopenia and a reduced granulocvte count. There had been a prodromal period highly suggestive of paratyphoid, with enlargement of the spleen and positive agglutination toparatyphoid C and B. aertrycke. Mouth symptoms were present in each attack but wvere late in appearing, and the sloughing was hard and leathery, penetrating deeply into the tissues and with no clear red edge; it was quite unlike that of Vincent's angina, and no B. fusifornnis or spirochaetes were present there were only the usual mouth spirochates and leptothricae always found in dirty mouths.
Meningeal symptoms developed in the last attack; the cerebrospinal fluid, examined by Dr. Carnegie Dickson, gave a "paretic" type of Lange curve. Pentnucleotide at once caused improvement in the first attack. Subsequently two other varieties of nucleotide were used, but without benefit. The patient, a large, florid woman, had made a complete recovery to date.
Dr. Herbert Brown: Fourteen cases of agranulocytosis, with eleven deaths, were reported in the Lancet and the British Medical Journal during the past year.
The condition of each patient was serious when the diagnosis was made. Three, who were thought to be suffering from diphtheria, and were admitted to an isolation hospital, died within a few hours of their admission. Two of the three patients who survived owed their recovery to prompt and energetic treatment with pentnucleotide, the third recovered sporntaneously after the discharge of some septic fluid from one nostril.
Early diagnosis with prompt and energetic treatment is essential. Amidopyrine was clearly responsible for three of the fourteen cases referred to; in eight, preexisting focal sepsis seemed to be the cause. followed introduction of the other pathogenic organisms.
Dr. S. W. Patterson mentioned a case of recurrent agranulocytosis, in which numerous disrupted white blood cells were noted in the stained film. The numbers were increased after severe exercise and during recurrences.
During the last five or six years note had been made of the numbers of disrupted cells in fililms taken at the routine examination of patients admitted to Ruthin Castle.
Of the last 472 cases percentages varying from 0-10 were found. In thirteen cases 1 Journ. Exper. Med., 1233, 57, 993 43 687 688 Proceedings of the Royal Society of Medicine 44 10 % or more were found. Four were cases of leukoemia, two of hamorrhage following ulceration of the upper digestive tract, two patients had had malaria in the tropics, one was an elderly man who had for years taken large amounts of Phillips' live yeast, one patient had splenic anaemia, one had arteriosclerosis and arthritis, and one was a young woman with visceroptosis and depression who later committed suicide, lastly, the patient referred to above, in whose blood over 20 % of disrupted cells had been found at times. There might be in such cases a chemical or bacterial toxin acting on a predisposition in the form of a hypoplasia of the myeloid structures or a fragility of the leucocytes, not in the circulating blood, but primarily. Dr. G. Konstam said that the diagnosis of agranulocytosis mould probably be established more frequently if routine blood-counts were carried out when membranous or ulcerative conditions of the pharynx proved negative for diphtheria and Vincent's organisms. He had recently seen a woman, aged 60, who had been sent to a fever hospital with a diagnosis of faucial diphtheria. After negative throat swabs had been reported, blood-count revealed a leucopenia of 1,400, with absence of granular cells. Pentnucleotide injections were begun but bronchopneumonia supervened and death occurred six days after the onset of symptoms.
Investigations showed that one month previously tablets containing small quantities of an amidopyrine compound had been taken for rheumatism.
